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It is shown that the conductivity of plasma in strong electric
and magnetic fields depends nonlinearly on the electric field strength.
when the nonlinearity is strong, the cause of onset of the corresponding
devendence consists in that the field strength determines the motion ve-~
locity of colliding particles. vhen the nonlinearity is feeble, the depen-
ence ariées when such a field drives the colliding particles out of the

rezion of collision.

l.et us consider the cuestion of plasma conductivity, when such a
plasma is situated in a constant and uniform magnetic field B, under con-
ditions, whereby a strong high frecuency wave of circular polarization
provagates in the plasma alones the magnetic field, With the help of the
kinetic equstion for a plasma in a strong field (see [1, 2]) we shall
then obtain the generalized Ohm law:

¥a 4 [Z),uja] = e“:v“ |E; cos (of + 8) — E, sin (ot + 8)]—
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where e, is the charge; n, is the mass; Na is the number of par-
ticles; Qo = eaB/mqc is the gyroscopic frequency vector; Jg is the
current density of type-a particles; E; and E; are equal and mutually
perpendicular components of the electric field (&= = E,) , finally,
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In formula (2) vre=V%xTa/Ma is the thermal velocity: J) is th Bessel
functionj kj .. is equal by order of magnitude to the inverse Debye
radius of ions, and kmax is determined, as usual, by the nonapplicability
of the perturbation theory or of classical mechanics, with the only dif-
ference, that we should utilize for particle energy the expression
taking into account the oscillation of the particle under the effect of
the electric field. The corresponding expression for 8, differs from
(2) by the mere substitution of cos WT/2 by sine,

When obtaining the equation (1), we neglected the spatial dis-
version as this is usually done in the theory of conductivity, condition-
ed by by collisions of particles. ‘fe shall take interest in the case of
frequencies, fairly small by comparison with the electron Langmuir fre~
ruency of the plasma, and we shell limit ourselves by the case of singly
ionized ions. We then may neglect &, by comparison with 8y, while for

By corresponding to electronic current, we shall have
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Su=.eN’ BNy S L \dOsuﬁBid&[ Jl(ngnsme)]

i, B

*mnin 0 -0

X exp {—— ®? [&’ (1 + ) cos? 0 -+ sin?0 (sm"" E+ ——sm’ 5)]} (3



ilere = kY207,Q:, n=V20z/vre, wrere vip=Eife/m(® —Q¢) — i/ M(0—Qi)]
ic the velocity of tie relstive motion of the electron and ion in the
marnetic and electric fields., It is natural, that such an expression
makes sense in conditions, when collisions constitute a small effect.
Tor plasma conductivity across a strong magnetic field, the last condi-
tion, wiich is the onlv one of interest to us, in fact takes place.
| Finally, Emax(%) =% 7%ua'® i€ the maximum value, to which the integra-
tion ovez‘_§ should be cerried. Such a value arises from the condition
of avvlicability of the perturbation theory, laid at the basis of the
initial kinetic equation for charged particles in strong fields [l, 2].
Within the bounds of a very strong field, when 11>>1 , We

obtain form (3)

¢'N, 4ueiN; sgn [efm (0 — Q) — e/ M (@ — D) Taxp (4)
S1e = " T L@ [e/m (0 — Q) — &/ M (@ — ) Foln |
where Toxp = 1/ lmin, fmin = 1/ kmax. <he dependence on the field, arising in

formula (5) corresponds cqualitatively to the substitution in the effective
collision frequency of the thermal velocity by the velocity of oscillations.
Such an effect corresvonds to strong nonlinearity.

Cne nay speak of feeble nonlinearity in conditions, when the
thermal velocity of electrons is great by comparison‘with Vé. However,
even in sucli conditions tue presence of the electric field leads to quali-
tative effects, if at the ssme time, the magnetic field is sufficiently
great. Below, we shsll precisely turn to such a case, wnen the gyroscopic
redii of particles are smaller than tre shielding radius of the Coulomb
field. At the same time. from formula (2) we shall have for the isothermic

plasma :
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The integral (7) is determined by contribution of collisions with
the sighting perameters, greater than the gvroscopic radius of electrons
fa . In a2 strong megnetic field, the egress at such collisions from the
rezion of interaction is slowed down, which leads, as is well known (2, 3]
to twice loxarit mic expre sions, inasmuclk ss the time, during which the
collision takes place is significantly greater than the period of gyrosco-
pic rotation. The precsence of the electric field is one of the possible
causes of particle egress from the interaction region, At the same time
the time of electron's ecress from the collision region is by order of
magnitude equal to p/ IYE, where p is thesighting parameter. This fact
is reflected in formula (7) bv the presence of the Bessel derivative
function Jlr.

At computations with twice tre losgarithmic ;recisicn one may

utilize for the integrzl (7) the apvroximste formula
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A comnzrstivel: ginnle consideration alliows the obtaining of

the forllowins ssymptotic formules :
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(r:mp >0 > (UTe2 / sz) Tmin, (111 / m)min > pe) . (19)

Here pi=uvr:i/Q:- is the radius of gyroscopic rotation of ionms.

Formulas (9) — (13) do not depend on the electric field and
correspond to those obtained in the work [3] with the difference, howe-
ver, that in our case the applicabilities, limited by the magnitude of
electric field strength, are defined as regards their thresholds. To the
contrary, the expressions (14) — (19) depend essentially on the strength
of the electric field, Consequently, within the bvounds of feeble nonli-
nearity, the collision frequency is essentially nonlinear.

A high-frequency field may lead to the effective decrease of
interaction in the case, when its period is less than the characteristic
time of interaction (see [4], [1], [2]). The accounting of such an effect
for Q.>>© is revealed in that at integration over £ in the integral
(8), the minimum of the three expressions Emax(x), 1/x%n, Q:/0 should be
taken for the upper limit, We bring forth below a series of formulas,
characterizing Iy, when the influence of the electric field is also felt®

‘./0.

® Without taking into account the considered electric field, the corres-
ponding results can be found in the work by Shister £51.
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It has been shown, therefore, that in strong electric and

magnetic fields the conductivity depends nonlinearly on the strength

of the electric field, At the same time, in conditions of strong non-

linearity, the cause of emergence of the corresponding dependence con-~
sists in that the strength of the field determines the motion velocity

of colliding particles, In condition of feeble nonlinearity, the depend-

ence on the electric field arises when such a field drives the colliding

particles out of the collision region,
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